We have carried out computer simulations of the statics and dynamics of an isolated model polymer chain with excluded volume in a solvent acting as a heat bath. We.find that the 
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This manuscript was printed from originals provided by the.author. by Flory and others , that the exponent should be universal , independent of the details of the excluded volume interaction and are the same for lattice and continuum systems.
On the other hand 1 dynamical calculation of lattice models have not shown the same kind of agreement with theoretical predictions. 5 The models used have subsequently been criticised 6 on the grounds that a lattice cannot faithfully represent the dynamics of a real polymer in which small bending and stretching motions may be important.
We therefore decided to·carry out direct simulations of the dynamics of such a model chain with excluded volume in a heat bath representing a solvent. For the sake of simplicity and tractability we have neglected in this study the hydrodynamic interactions between different parts of the polymer. This interaction does not have any effect on the equilibrium properties of the chain and its effect on the kinetics 1 while very important, is separable, in principle, from the effects of 7 8 9 the excluded volume we shall study here. ' ' Since the appearance of our earlier report 3 additional computer studies of continuous polymer chains, dealing primarily 10 11 with equilibrium properties have appeared.
' There has also . 12 been a new study by Kranbuehl are connected by harmonic springs. A repulsive, short range, excluded volume interaction ~(r) acts between all pairs of beads,
The total potential energy of the chain is:
A repulsive Lennard-Janes 6-12 potential was chosen to represent the excluded volume interaction: . . 14 f leads to the Smoluchowskl equatlon for the time evolution o the polymer probability density f(R,t),
The solution of (2 4) approaches equilibrium as t + oo;
Computational Method
The stochastic process described by (2.3) (or equivalently the solution of the diffusion equation (2.4)) was simulated by a novel Monte Carlo scheme.
A simple simulation method would be to displace every particle at each time step by an amount proportional to the sum of the internal force and the random force. That is:
where <x. x.> = 6DT. This method is not useful in the presence 1 J of strong excluded volume forces since if an overlap occurs C1r.-r.! is small for some pair ij) the internal force on particles ~1 ~J i and j in the next time step will be very large and they could be thrown far from the polymer. The time step T would have to be exceedingly small to alleviate this problem. A systematic way is needed of rejecting those moves where the potential energy increases significantly.
To achieve this goal, let us first define the Green's function for the process: G(R ,R,t) is the probability density for ._2)
Knowledge of the Green 1 s functions for time T is sufficient simulate the diffusion process in steps of T since:
Variation of iju in ( 3. 4) may lead to unph)rsical overlaps which can be avoided if G is altered to satisfy the detailed balance 0 condition obeyed by the exact Green's function, .1) where only xi is nonzero.
3) Accept this move with probability q(R,R') where:
This acceptance probability is constructed so that the transition probability density, q(R 9 Re1G 0 (R,R' ,T} satisfies detailed balance condition.·· This assures that f (R,t)
obtained from the simulation satisfies (2.5). by an amount T after each particle has had a trial move.
Because time advances whether or not the particle move is accepted, all diffusion processes will be slowed down by an amount proportional to the rejection ratio. In our simulations the time step T is kept small enough so that the rejection ratio is about 10%. With this time step it is reasonable to assume that all slow diffusive motions will be slowed down by the same factor. We can determine this scale factor since the diffusion of the center of mass can be calculated exactly from the _Smoluchowski equation. It is given by
is the center of mass. ForT = 0.01 the 
Characterist~c· Shape
The average shape of a chain is another quantity which should independent of the size of the chain.
The simplest information about the shape is contained in the moment of inertia tensor defined
3) Our results are not precise enough to check Eq. (4.9) quantitatively but they do exhibit a significant deviation from a gaussian (cf. fig(3) ).
They also indicate that whatever scaling law does apply will describe near as well as distant bead pairs. A recent study lOc of strongly stretched continuum chains showed asymptotic behavior for large r/~ as in Eq.(4.9) with an exponent of about 2.5. ( 5. 5) the two models.
The most important feature to note is that these two quite different models give roughly the same ratio (about 30 to 50) of rotational relaxation to diffusional motion. Secondly, for our model and for the lattice model with 3 different values of p this ratio of times for large N appears to be constant although we cannot be too certain of this, given the rather large error bars on the present calculation. The relevant numbers are given in Table II. It is seen that there is agreement to within 40%. It should be noted that the calculation the integral in (5.8) is difficult from computer simulations since only a single number is obtained from each configuration and that number· fluctuates greatly as the system evolves.
Relative Motions of
Finally, we have calculated the autocorrelation functions describing how a single bead moves with respect to the center of mass and how pairs of beads move, i.e. ( t; r.-Z) and C ( t; r. -r . ) . Static properties of our model. N is the number of beads. T is the 2 total simulation time (in units of 0 /D) 9 RlN is the end-to-end distance, 2 2 G is the radius of gyration, and T 1 and T 2 are the smallest and second eigenvalues of the moment of inertia tensor. 
